A sample of world germplasm of ginger consisting of 46 accessions was profiled for its volatile oil constituents, using gas chromatography-mass spectrophotometry (GC/MS) and grouped with three similarity coefficients, besides analyzing its pungent principles using high performance liquid chromatography (HPLC). A total of 60 compounds were identified in the essential oil. Two of the three similarity coefficients (Jaccard's and Sorensen -Dice similarity coefficients) placed the accessions in 14 groups. The dendrograms constructed using this two similarity coefficients were similar in form and content. However, the grouping pattern of the accessions in the third dendrogram (Simple Matching similarity coefficient) was slightly different. Three accessions namely, 'Kintoki', 'Brazil' and 'Pink Ginger' were unique. HPLC analysis of the pungent principles showed 6-gingerol as the predominant pungent principle in all the ginger accessions except the exotic ginger, 'Oman', in which 8-shogaol was the predominant one.
INTRODUCTION
Ginger (Zingiber officinale Rosc.), a monocotyledon belonging to family Zingiberaceae, is an important spice and medicinal plant originated in South-East Asia and introduced to many parts of the globe (Park and Pizutto, 2002; Burkill, 1996) . Rhizome of ginger has been used as a medicine in Chinese, Indian and Arabic herbal traditions since ancient times as carminative or antiflatulent, diaphoretic, antispasmodic, expectorant, peripheral circulatory stimulant, astringent, appetite stimulant, antiinflammatory agent, diuretic and digestive aid, etc. (Kizhakkayil and Sasikumar, 2011) . Moreover it also imparts flavour and pungency to food and beverages and is mainly consumed as fresh paste, dried powder, slices preserved in syrup, candy (crystallized ginger) or flavouring tea.
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About 50 cultivars in addition to seven improved varieties have been reported in India (Sasikumar et al., 1999) . Essential oil and pungent principles are the deciding factors for the qualities of ginger cultivars. Essential oil compositions of ginger from different geographical area have already been reported (Wohlmuth et al., 2006; van Beek et al., 1987; MacLeod and Pieris, 1984) . Although many cultivars are prevalent in the country, only minimum attention has been paid to the systematic evaluation and characterization of this clonally propagated crop. Chemical investigation carried out in the past showed that ginger essential oil is mainly composed of zingiberene, α-curcumene, β-sesquiphellandrene, citral and camphene, etc; and these compounds are characteristic for geographical and varietal properties of ginger (Singh et al., 2008; Lawrence, 1997; Lawrence, 2000) .
The present study is an attempt to characterize a global collection of ginger germplasm based on the gas chromatography-mass spectrophotometry (GC/MS) profile of volatile oil and the high performance liquid
The steam volatile oil from ginger was extracted and the oil was analyzed using a Shimadzu GC-2010 gas chromatograph equipped with QP 2010 mass spectrometer and RTX-5 column (30 m × 0.25 mm, film thickness 0.25 μm). Helium was used as the carrier gas at a flow rate of 1.67 ml min -1 . The injection port was maintained at 250°C; the detector temperature was 220°C; oven temperature was programmed as follows: 60°C for 5 min and then increased to 110°C at the rate of 5°C min -1 , then up to 170°C at the rate of 3°C min -1 , again up to 220°C at the rate of 5°C min -1 , at which the column was maintained for 3 min. The split ratio was 1:40 and ionization energy 70 eV.
Statistical analysis
GC/MS data were analyzed based on the Jaccard's similarity coefficient, Sorensen -Dice similarity coefficient and Simple Matching similarity coefficients for binary data via SIMQUAL of the NTSYSpc ver. 2.02i Package. For the dendrogram data, the presence of compounds with ≤ 1% concentration indicates '1', ≤ 5% indicates '1,1', ≤ 10% indicates '1,1,1',≤ 15% indicates '1,1,1,1' , ≤ 20 indicates '1,1,1,1,1', ≤ 25% indicates '1,1,1,1,1,1', ≤ 30 indicates '1,1,1,1,1,1,1' and the absence of the particular compound indicates '0'. The dendrograms were constructed based on these data.
HPLC analysis of ginger for gingerol and related compounds
Gingerol and its related compounds were analyzed in a Waters HPLC system and quantitatively detected using a Diode array detector. The stationary phase was C-18, particle size 5 μm, prepacked in a 250 × 4.6 mm I.D column. The mobile phase used was water and acetonitrile with a flow rate of 1 ml min -1 . Pump A carried water and pump B carried acetonitrile. A rheodyne injector with a 20 μl loop was used for injecting the sample. The analyses were carried out at ambient temperature. Diode array detector with 282 nm was used for the analysis. The programme for HPLC analysis is shown in the Table 2 .
RESULTS

GC/MS analysis
The GC/MS analysis of essential oil from the sun-dried ginger cultivars identified a total of 60 compounds constituting 71.15 to 94.57% of the total volatile oil constituents (Table 3 ). The highest percentage of essential oil constituents was identified in Acc. No. 50 while the lowest was identified in the exotic ginger 'Kintoki', respectively.
Zingiberene was the major component present in the essential oils of all the 46 ginger accessions except the exotic ginger 'Kintoki', in which α curcumene was the major component. The highest percentage of zingiberene was observed in the cultivar, 'Angamali' (29.6%) and the lowest percentage in 'Kintoki' (6.79%). Z-citral (neral) and E-citral (geranial) were the important monoterpene aldehydes found in all the ginger genotypes except the exotic ginger 'Brazil'. One of the major sesquiterpenes, farnasene, was absent in the essential oil of the ginger 'Accession 50' and present in all other accessions studied. The highest percentage of farnasene was observed in the exotic ginger 'Brazil' (15.1%) and the lowest percentage in the cultivar 'Ambalawayalan' (4.1%). High amount of α curcumene and β sesquiphellandrene were detected in all the ginger accessions. Alpha curcumene ranged from 1.9 ('Angamali' and 'Naval parasi') to 6.66% (Suruchi') and β sesquiphellandrene ranged from 6.39 (Rio-deJaneiro) to 12.17% (Brazil). 1, 8-cineole was found in all the ginger genotypes except (Kintoki). The content ranged from 1.08 (Bhaise) to 6.96% (Jolpaiguri). Alpha pinene, another important monoterpene observed in all the accessions, ranged from 0.46 (Mananthodi) to 1.9% (Kintoki). Beta phellandrene was absent in both (Kakakkalan) and (Jolpaiguri).
Among the released varieties studied, the percentage of zingiberene was highest in 'Suprabha' (24.56%) followed by 'Mahima' (23.95%), 'Suruchi' (22.96%), 'Varada' (21.64%) and 'Rejatha' (20.93%). Other major compounds identified were z-citral, citral, farnesene, beta-sesquiphellandrene, α-curcumene, camphene, beta phellandrene, 1, 8-cineol, endo borenol and nerolidol.
Among the primitive type gingers, the highest content of zingiberene (25.86%) and lowest content of farnesene (4.29%) were observed in the collection, 'Sabarimala'. Citral content was high in 'Kakkakkalan' when compared to the other primitive type gingers. The amount of β-sesquiphellandrene was found to be almost equal among the primitive type gingers, 'Sabarimala', 'Kozhikkalan', 'Kakakkallan' and 'Ellakkallan'.
Cluster analysis
Similarity was calculated using Jaccard's, SorensenDice and Simple Matching coefficients. In all the similarity matrices, 'Ambalawayalan' and 'Thodupuzha collection-2' showed maximum similarity (0.94, 0.94 and 0.96 in Jaccard's, Sorensen -Dice and Simple Matching, respectively) and the least similarity between 'Kintoki' and 'Jamaica' (0.46, 0.63 and 0.59 in Jaccard's, SorensenDice and Simple Matching, respectively). The dendrograms constructed UPGMA method from Jaccard's, Sorensen-Dice and Simple Matching coefficients based on GC/MS data are given in Figures 1 to 3 . The dendrograms split at coefficients 0.82, 0.82 and 0.87, respectively and placed the accessions in 14 different groups in the Jaccard's similarity and Sorensen -Dice similarity and 15 groups in the Simple Matching similarity. The grouping pattern of the Jaccard's similarity and the Sorensen patterns -Dice similarity were similar (Figures 1  and 2 ) whereas in case of Simple Matching similarity dendrogram (Figure 3 ), some alterations in the arrangement of the groups were observed when compared to the other two dendrograms.
HPLC analysis of ginger for gingerol and shogaol
The levels of gingerols and shogaols in the 46 ginger accessions were determined using HPLC. The percentages of gingerols and shogaols are given in Table 4 . Among the gingerols and shogaols identified, 6-gingerol was the predominant one in all the ginger accessions except the exotic ginger, 'Oman', in which 8-shogaol was the predominat one . Highest level of 6-gingerol was recorded in the cultivar, 'Angamali' (3.11%) and the least in the exotic ginger, 'Oman' (0.36%). Even though 6-shogaol was present in all the samples, its concentration was relatively low when compared with 6-gingerol. 8-gingerol, 10-gingerol, 10-shogaol were also present in many of the ginger accessions.
DISCUSSION
GC/MS analysis of essential oil
Essential oil content gives a pleasant aroma to ginger and to the end products. Thus the essential oil composition is indispensable in determining the various grades and prices of the produce. Mono and sesqui terpenoids are present in the volatiles, but sesqui-terpenoids are quantitatively the major constituents (Tonnessen and Karlsen, 1983) . The essential oil profile of the 46 accessions revealed that zingiberene is the major compound followed by beta-sesquiphellandrene, α-curcumene, farnasene and sesquiterpene alcohols. In the exotic ginger, 'Kintoki', α-curcumene was the major compound. Sankarikutty et al. (1982) reported that α-curcumene is a secondary product formed from zingiberene and beta-phellandrene. Secondary product usually forms in the dried samples of ginger. India (Raina et al., 2005) . Australian gingers are known to be a good source of citral (50 to 70%) while the Jamaican ginger is low in citral content (Wohlmuth et al., 2006) . In this study, the accession, 'Jamiaca' yielded less citral content. Sun drying is known to have an adverse effect on citral content in ginger oil (Menon et al., 2007) . However, in the present study citral was present in all the accessions except Pink ginger, although the rhizomes were sundried. Cluster analysis of the 'Pink ginger' accessions based on the similarity coefficients using Jaccard's, Sorensen-Dice and Simple Matching revealed close similarity among the ginger accessions. Group 1 included 10 accessions; among these two were released varieties ('Varada' and 'Suruchi'). A collection from Nepal and some important cultivars like 'Maran', 'Nadia' and 'Thodupuzha' were also included in the same group with almost same chemical composition in the essential oil. In group 2, Bhaise and 'Bakthapur' were included, which were originated from nearby geographical locations of Sikkim and Nepal, respectively. In group 3, two released varieties, 'Rejatha' and 'Suprabha' were included along with the two exotic collections namely, 'Pakistan' and 'Fiji'; and some other local cultivars namely, 'Kakakkalan', 'Rio-de-Janeiro', 'Angamali', 'Jamaica', 'Konni Local', Acc. No. 50, 'Pink ginger', 'Brazil' and 'Kintoki', indicating their distinctiveness. Two exotic collections 'Oman' and 'China' formed group 7 in the dendrogram. Group 10 was formed with a released variety Mahima and with few cultivars/primitive types namely, 'Pulpally', 'Ambalawayalan', 'Kozhikkode', 'Sabarimala' and 'Thodupuzha'. The dendrogram showed
